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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPCRT

"THE EFFECT OF XYLIDINES ON TEE LOAD~-CARRYING CAPACITY
: OF AN ATRCRAFT-ENGI'E OIL - IT

By Walter_T.. Olson ahd Robert Ay.-Spurr

test devlces.

SUMMARY

Tests were made Lo coniinue a study of the effoct of xylidines
on the load-oarrying capucity of an alrcraft-engine oil in several

As part of an invostigation on the suitability of

xylidines as an antiknoock oomponont in aviation gasoline, Navy 1120
lubricating oil, both new and usod, and Navy 1120 lubricating oil,

both new and used, to which had been added 1 porcent by woight of

cormmercial mixod xylidinos were testod in a Shell four~ball maclilne,
an Almen mmachine, an SAE extreme-pressure lubricant-testing machine,
and in an NACA bearing-testing ettachmont,
vostigation on the erffect of a 2-porceat addition of xylidines to
¥avy 1120 lubricating oll in these mnchins= are prescnted for comw

parison,

Data from a previous ine

The results obtairod aro summarized in tha followlny table:

PERCENTACE CHANGF WITE ADDIYIOH 2F XYLIDI¥ES TO NAVY 1120 OIL

Havy 1120 Mavy 1120 iUscd Navy 1120

0il plus loil plus Joll plus 1 per=-
2 percent |1 percent [cent xylidines
xylidincs,[xylidinos | (porcent)
(percent) |( percont)
Four-ball ¥nchino: b
Time for 360 rpm deceleration 343 b0.55 =-1.0
Cocfficient of sliding friction b b
at contact surfaces 394 -a54 99
Almen maochine:
Failure load =16 =17 =14
Coeffioient of frioction,all.loads 35 11 6.0
Wear-scar width - 35 Q 2T
SAE machine:
Scoring load =23 =87 (a)
NACA ottachment:
Failuroe load . b b
Series 1 =5.1 b 0,81 b-0.73
Series 2 =222 =2.8 =0.8

8Data from a previous NACA investigation.
Yyalucs are thought to be smaller than experimontal orror,
Cguffioient Timken cups wero not availablo to pormit testing of used

oil,



The tests with the four-ball mnohine and the NACA boaring-testing
attachment showed no signifloant change in load capaclity on the addi-
tion of 1 percent xylidines. The reduction of load capacity on the
Alnen machine on addition of either 1 or 2 percent xylidinos was
about 15 percent for both new and used olls; that for the SAE machine
with new oil and 1 peroent xylidines was about 9 percent., Addition
of 1 percent by weight of xylidines decreased tho load-carrying
ability of new and used Navy 1120 lubricating oil in the Almon and in
the SAE machines. It was wlthout significant offoct on tho performe
ance of now and used Navy 1120 oil in the Shell four-ball machine and
in tho NACA bearing-testing attaoclmont,

INTRODGCTION

The tests of this report aro a part of an investigation conducted
at the requost of the Army Air Forces on the suitability of xslicdines
as an antiknock component in aviation gasolines, The work roported
is a continuntion of & previously published study (rcforence 1) of
the cffoct of xylidinos on the load-carrying capacity of an airoralt-
enrine oil, Spceifically, Navy 1120 lubriceting oil, bLoth now and
usod, and Navy 1120 lubricating oil, both new and usod, to which had
boon addod 1 perccnt by weight of a commorcial xylidine mizture vere
tosted in four test devices, o from reforcence 1, which show tho
offoct of 2-percent addition of xlidines on tho load-carrying capac-
ity of now Navy 1120 oil, are alsc included,

The teosts woro conducted at tho Aircraft Engino Resoarch Labo~
ratory, Hational Advisory Committoo for Aeronautics, Cleveland, Chio,
during July and August 1943,

TYPES COF OIL

New and used Navy 1120 lubricating oil and blends of each of
theso olls with 1 percont by woeight of a commercial xylidine mixture
wore used in the tests. Tho used oil had lubricated for about 200
hours a 1l4-cylinder radial air-cocled engine opcratod in a varioty
of test programs. Make-up oil had boon added to the original 250
gallons in the circulating system at the rate of about 10 gallona.
every 8 hours, Tho rosults of laboratory inspeotion of the used oil
aro as followss



ARALYSIS OF USED NAVY 1120 OIL

{Gonversion of viscosity in contistokes to viscosity in Saybolt
seconds by A.S,T.M, designation D 446=39; viscosity index by
A.S.T.M, designation D 5687-40 T]

i 8aybolt
Kinematic ‘universal
Temperaturo viscosity visooslty
_____ {°F) : ‘ (centistokes) | (sec)
100 v 364,1 | 1682
210 24,9 I 118
Yisocosity index 98
Naptha insolublo, porcemt 262
Chloroform solublo, percent 2l
Ncutralization number $12
Conradson carbon; .peroont ™ 1,35

APPARATUS AND TEST FROCEDURE

The apparatus omployocd, namcly, a Sholl four-ball machino, an
Almon machine, an SAE extromo-prcssuro lubricunt-tosting mochilne,
and an NACA boaring-losting attachmont, and the test proccduros fol-
lowed were the samo as those doseriboed in roferenco 1.

RESULYS AND DISCUSSION

Tho Shell four-bell machine, = Tho results of tho tests are
ghown in figurc 1 and in tho following taoble:

|Averago time for | Averagoc coofficient

Type of &il j 360 rpm decoler- ; of sliding friction
. ation (min)? at contact surfaces
Navy 1120 oilP 2,22030,011 0.110940,0006
Navy 1120 oil plus 2 por=- -
cont xylidinosP 2,142:0,019 0.114740,0010
Navy 1120 oil 2.362+0,017 0,1034+0,0008
Navy 1120 oil plus 1 per-
ent xylidines 2,57630,000 1 _ 0,102740
Used Navy 1120 oil 2,4121+0,012 0,1012+0,0006
Used Navy 1120 oil plus
1 percent xylidinos 2,.,387:0,005 0,1022+0,0002

8average of five runs,
ta from raoforovnco l.




As can readily be seen from figure 1, the addlition of 1 porcent by

wolght of xylidines had no gignificant effect on tho coefficiont of

sliding friction with cither new or used Navy 1120 oil,

Tho avere

agos for the decoleration times for the rumns boforo the addition of
1 porocont xylidines, ns shown in the tablo, differ from those aftor
the addition by amounts that are of tho order of the probable orrors,
Tho addition of 2 percont xylidinoe Incroased the coefficiont of
sliding friotion with Navy 1120 oil by about 3 nercont (refuronco 1).

Tho coulficionts of siiding friction obtainod with the used oil
are slightly lowor than thosv obtainod with the now oil,
fercnco bctween tho cooflicionts of frioction obtained with new Navy
1120 oil for this papoer and for roforcnoc 1 can be wvxplainod at least
in part by the fact that differont sots of balls in diffcront stages

of woar wora used,

Tho dif-

Tho islicn machinos - The avorago Almen test rcsults and tholr

probablo orrors as detorminod from 10 runs with cach oil samplc were

as follows:

Avcerago faild Coeffi- | Avorago ooof-lﬁvcrnge width
ure load ciont of | ficicnt of ,of woar socar
Type of cil (1b/sq in.) | sliding | sliding fric-| (in.)
’ friction tion
at 1000 | (21l loads)
1b/sq in.
Navy 1120 oil? 4100580 0417 0.170,01  [0,042:0,010
Navy 1120 oil plus
2 pcreont xyli=
dinog? 3500:370 .23 0.2%0,01 0.06640,021
Navy 1120 oil 42004400 0,20 0.19+0,01 0,035:0,004
Navy 1120 oil plus
1 percont xyli-
dinos $500:440 229 0.2140,01 _ 10,036+0,007
Usod Naovy 1120 oil | 51005770 0.21 0,2040,01 0.033+0,007
Uscd Mavy 1120 oil
plus 1 percont
xylidinos 4 4400+240 222 ) 0.2040.01 0,4042+0,012

apata from reforemnce 1,

Iri the ..lmon tcst the offoot of 2 peroent xylidines addod to new
Navy 1120 oil vas to dcoreaso the feilure load br .tbout 15 porcont,
increaso tho coefficiont of sliding friction by about 35 porcont,
and incronso the wear-soar width by about 35 percont (reforonce 1),
Tho offect of 1 porcont xylidinee addod to ncw Navy 1120 oil was to
deoroaso the falluro load by about 17 percont, incrcaso the cocffi-
ciont of sliding friotion by about 1l porcent, and causc no



observable variation in the average wear-soar widthe The effect
‘of 1 percent xylidines added to used Havy 1120 oil was to decrease
. the. failure load by ahout 14 percent, increase the coefficient of
sliding friotion by about 5 percent, and inorease the wear=-socar
width by about 27 percent.

The disorepancies in the results of tests on new Navy 1120
oil for this paper and for reference 1l may be ascribed to varlation -
in the composition of thoe oll and to exporimental error.

The addition of xylidines decreased the load-carrying ability
of Navy 1120 oil in every case tested in tho Almen mechine. It 1s
of interest to note that the used oils exhiblted slightly groeater
load-carrying cepacity tham did thc new olls.

The SAE extreme-pressure lubrioant-testing machine. = The
avorage scoring loads and thelr probable errors in the SAE machine
tosts were as follows for 10 runs on oach samples

Scalo roeding

! (1)
Navy 1120 oil (reference 1) 13802
Navy 1120 oil olus 1 porcent xylidines 126421

Navy 1120 oil plus 2 porcent xylidines (referonce 1) 10644

The offect of xylidinos vms to deorcase the load-ocarrying
ability of niw Mevy 1120 oil by about 8.7 percent for a l-porocent
addition and by about 23 porcont for a 2-porcont addition. Although
tho vilfect of a 2-pcrcent addition of xylidines was probably outside
experimental crror, as shown by the fact that the differcnce betweon
tho scoring loads for tho two oils was four timos tho mean probablo
error for those two obscrved loads, the offoet of a l=ncroont addi-
tlon of xylidinos was, by tho samo coritorion, hardly groatcr than
the oxporimental orror.

Suffiolont Timlzon test oups wure not avallable tn permlt tost-
ing usod oils in thc SAE machinc.

The NACA boaring-tosting attachmont. = Tho results of tho two
tests on The now oll ars shown in rigurc 2 and thoso of tho two tests
on the used oil aro shown in figurc 3. It is cevidont that no con=
olusion can bc drawn as to the offoot of tho addition of 1 percent of
xylidines on the load-carrying capacity of tho olls. Tho averagss for
the 10 runs before and aftor addition in each seriss of runs arq given
in the following tables




Avorage failurc load
Typo of oil (1b/eq in. of projootod arca)
Serios 1 Series &
Navy 1120 oil® 31607 2985124
Navy 1120 oil plus 2 pcroont
xylidinos® 3000417 29209
Navy 1120 oil 2473415 2862+:38
Ravy 1120 oil plus 1 peroont
xylidinos 2493330 2783+31
Usod Navy 1120 oil 3166414 3050+36
Used Navy 1120 oil plus.
——1 peroont xylidines 3143457 2952434

@pate fram roference le

Tho tests of rcference 1 showed that tho addition of 2 porcent
by weight of xylidines dooreased the load-carrying capacity in this
machine by about 4 percent. In thcso tests an averagc deorzasc in
load capacity of 1 vnorcent rosultod for the now oil and 2 pcroent
for tho usod oil on tho addition of 1 percont xylidines. Thoso
valucs aro, howcver, probably without signifiocanco on ascount of the
lergo scatter of the oxporimontal points.

Inasmuch as tho load oavacity found for an oil in the bearing
machino dopends on tho provious history of the bearing, only thosa
valuss obtained immoediatoly bcforo and after the addltion of xyli-
dinos should bo chmrarod. Each nair »f avoragcs of 1C such valucs
is anclosed bctwcen tho horizontal rulos in the tablo.

CONCTUSIOKS

Tho results of thoso tosts arc what might havc boon oxpceted
from a coasidoration of tho work of roforcnec l. Thec effcot of tho
addition ~f 2 pcreont xylidinos on the porformenc: of now Navy 1120
oil was vory small in the four-hall aid the boaring-testing machincs.
Whon only 1 porocnt xylidinos was added, the coffcot was lost in
cxpcrimontal orror. For the other two machines tho cffoect of the




addition of 1 porcont xylidines on the wvarisbles mcasurod was somo=
what loss, in general, than that of edding 2 percent xylidlnos. Tho
bohavior of the uscd Navy 1120 oil vas similar to that of the now oil.

Alroraft Engine Research Laboratory,
National Advisory Committoc for Aeronautios,
Clovuland, Ohio, Soptembor 11, 1943.
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Time for 360 rpm deceleration, min
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Figure 1, - Effect of 1 percent by weight of xylidines (added after run 14) on the time
of deceleration of a Shell four-ball wear top from 720 to 360 rpm, Weight of top,
30.75 pounds: dismeter of steel balls 1/2 inch.
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Bearing pressure at fallure, 1lb/sq in. of prolected area
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Figure 2. - Effect of 1 percent by weight of xylidines (added after run 10) on the load-
carrying capacity of new Navy 1120 oil in a 1 3/16- by 1 3/16-1ncE bronze bearing.
NACA bearing-testing attachment; oil-in temperature: series 1, 147° F; series 2, 151° F
0il pressure: series 1, 60 pounds per square ingh; series 2, 32 pounds per square inch;

loading speed, 6000 pounds per minute; speed, 1708 rpm.



Bearing preseure at fallure, lb/sq in. of projected area
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Figure 3. - Effect of 1 percent by weight of xylidines (added after run 10) on the load-
cerrying capacity of used Navy 1120 oil in a 1 3/16- by 1 3/16-inch bronze bearing.
NACA bearing-testing attachment; oll-in temperature: larie; 15 147° F; series 2, 1ua:hr;
011 pressurse; eries 1, 32 pounds per square ipch; series ounds per squaré ineh;
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